STENT CRIMPER 



BACKGROUND OF THE INVENTION 

Stents and stent delivery assemblies are utilized in a number of medical 
5 procedures and situations, and as such their structure and function are well known. A 
stent is a generally cylindrical prosthesis introduced via a catheter into a lumen of a body 
vessel in a configuration having a generally reduced diameter and then expanded to the 
diameter of the vessel. In its expanded configuration, the stent supports and reinforces 
the vessel walls while maintaining the vessel in an open, unobstructed condition. 

10 Stents are available in both self-expanding and inflation or balloon 

expandable configurations. Inflation expandable stents are well known and widely 
available in a variety of designs and configurations. Both self-expanding and inflation 
expandable stents are typically crimped to their reduced configuration after being 
disposed about a delivery catheter or about the balloon of a delivery catheter. They are 

1 5 maneuvered to the deployment site and expanded to the vessel diameter either by fluid 
inflation of a balloon positioned between the stent and the delivery catheter, or upon 
release of the self-expanding stent from its crimped state, typically from a retaining 
sleeve. 

Devices for reducing the diameter of stents are generally known, such as 
20 described in US 6360577 to Austin, the entire disclosure of which is incorporated herein 
by reference. 

Self-expanding stents offer some unique challenges when being loaded 

on a catheter in part because they have a tendency to open of their own volition at 

ambient conditions. Thus, it is common practice when loading a self-expanding stent 
25 onto a catheter, to constrain only one half of the length of a strut at one time. This is 

more time and labor intensive because it requires reducing the diameter of the stent a 

little bit of the stent at a time. 

There remains a need in the art for a crimping device that provides more 

flexibility during the crimping process. 
30 All US patents and applications and all other published documents 

mentioned anywhere in this application are incorporated herein by reference in their 

entirety. 

Without limiting the scope of the invention a brief summary of some of 
the claimed embodiments of the invention is set forth below. Additional details of the 
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summarized embodiments of the invention and/or additional embodiments of the 
invention may be foimd in the Detailed Description of the Invention below. 

A brief abstract of the technical disclosure in the specification is provided 
as well only for the purposes of complying with 37 C.F.R. 1.72. The abstract is not 
5 intended to be used for interpreting the scope of the claims. 

BRffiF SUMMARY OF THE INVENTION 

It would be desirable to produce a device capable of crimping a stent 
while minimizing the distortion of, and scoring and marking of the stent due to the 

10 crimping. The present invention is directed, in at least one aspect, to that end. 

The present invention is related to the crimping or otherwise reducing in 
size of inflation expandable stents, self-expanding stents and other expandable medical 
devices. The invention is also related to loading or otherwise placing an inward force on 
a medical device. For the purpose of this disclosure, it is understood that the term 

15 "medical device" includes stents, stent-grafts, grafts and vena cava filters. It is also 

understood that the term "crimping" refers to a reduction in size or profile of a medical 
device. It is further understood that the invention contemplates crimping a medical 
device either directly to a catheter tube or to a catheter balloon which is disposed about a 
catheter tube. When reference is made to crimping a medical device about a catheter, a 

20 balloon may be situated between the medical device and the catheter tube or the medical 
device may be disposed directly about a region of a catheter tube. The invention also 
contemplates crimping a medical device such as a stent, in the absence of a catheter. 

The apparatus according to the present invention is designed for appljdng 
inward forces to the medical device. In some embodiments, the apparatus includes at 

25 least one independently operable crimping section, the section having a housing which 
includes a movable ring and a stationary ring, the stationary ring retaining at least three 
coupled, independently movable blades. The blades may be disposed about a reference 
circle to form an aperture whose size may be varied. The blades are movable so as to 
allow the aperture to be sized to contain a medical device and to alter the size of the 

30 aperture. The blades may be actuated by the relative orientation of the stationary ring 
with respect to the movable ring, which is rotatable with respect to the stationary ring. 
The stationary ring may engage and retain the blades about the reference circle at 
uniform distances fi-om one another. 
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Each blade may be pivotally attached to the stationary member at a pivot 
point. Each blade may be slidably engaged with the rotatable member. In some 
embodiments, each blade may include a pivot pin and a sHding pin. The pivot pin for 
each blade may be received by a respective aperture in the stationary member. The 
5 sliding pin for each blade may be slidably engaged within a respective slot in the 
rotatable member. As the rotatable member is rotated with respect to the stationary 
member, each blade may pivot about its pivot point, thereby changing the size of the 
aperture formed by the blades. As the rotatable member is rotated with respect to the 
stationary member, the sliding pin of each blade may translocate within its respective 
10 slot in the rotatable member. 

Each crimping section may have at least 2 blades and may have any 
number of additional blades. Desirably 3 to 32 blades may be used. More desirably 
about 4 to 16, and even more desirably about 6 to 8 blades may be used. The blades 
may be disposed about a reference circle to form an aperture of continuously variable 
1 5 size. The number of blades may vary depending on the blade width and the area to be 
filled relative to the blade width. 

Suitably, the blades are overlapping, although this does not preclude the 
case where they do not overlap one another. 

In one embodiment, the blades have a curved edge, wherein the area of 
20 the blades which comes into contact with the medical device which is being reduced in 
size, is curved. 

The blades of the device may be any size suitable for crimping or 
otherwise loading a medical device. In some embodiments, the thickness of the blades, 
and thus the length of the aperture or chamber formed by the blades, may be greater than 

25 the length of a medical device to be crimped. In some embodiments, each blade may be 
very thin, having a thickness of about 0.001" to about 0.003" or about 0.025 mm to 
about 0.075 mm. The width of each blade may be about 0.050" to about 0.150" (about 
1.3 mm to about 3.8 mm), or about 1 mm to about 4 mm. In one embodiment the blades 
may have a thickness of about 0.002" or about 0.05 mm. The blades have a width of 

30 about 0. 1 20" or about 3 mm. 

If the medical device which is being reduced in size is a stent, it is 
desirable in some embodiments for the thickness of each blade to be equal to or less than 
the length of the strut of a stent, or less than the length component of a ring member or 
serpentine band included in the stent. Thus, in some embodiments, it is desirable that 
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the apparatus according to the invention include a pluraUty of crimping sections. 
Desirably, two or more sections of the crimping device may contact each strut of a stent 
being crimped. The length of the aperture formed by each crimping section may be less 
than the length of a strut. In this fashion, the crimping device may be designed based on 
5 the design of the stent and its strut length. 

The blades may be formed from polymeric materials, ceramic, and 
metals. Examples of suitable metals include, but are not limited to, stainless steel, 
tempered blue steel, blackened corrosion resistant spring steel, and so forth. 

The blades may optionally include a coating. In one embodiment, the 

10 blades include a coating which reduces the coefficient of friction between the blade and 
the surface of the medical device to which it comes into contact. Examples of suitable 
coatings of this nature include, for example, coatings based on fluoropolymers such as 
polytetrafluoroethylene. Such coatings can be advantageous when the medical device 
has a coating, such as a coating including a therapeutic drug, in order to reduce the 

15 damage to the coating on the surface of the medical device. 

If the apparatus has a plurality of independently operable discrete 
crimping sections, each crimping section may be independently actuated and controlled 
such that the blades from one crimping section may or may not simultaneously move 
with the blades from another crimping section. Thus, different parts of the medical 

20 device may be crimped to the same or different diameters at the same or different times. 
The crimping sections are suitably configxxred and arranged such that the apertures of 
each crimping section may be centered about the same axis, which may comprise a 
central longitudinal axis of the apparatus. The collective apertures arranged adjacent to 
one another may comprise a substantially continuous aperture or chamber. A medical 

25 device such as a stent, is placed into the variable aperture of each crimping section, and 
the blades from each crimping section are simultaneously moved inward to apply a 
radial inward force to the medical device. 

In another aspect, the present invention relates to an apparatus for 
reducing the size of a medical device, the apparatus including at least one independently 

30 operable discrete section which can reduce the diameter of the medical device. The 
independently operable discrete section includes a pliwality of coupled movable blades 
disposed about a reference to form an aperture whose size may be varied, the blades 
movable so as to allow the aperture to be sized to contain a medical device and to alter 
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the size of the aperture. The blades have a contact area with said medical device which 
is curved. 

The present invention can be advantageously used for reducing the size of 
stents formed from a shape memory material such as Nitinol and the like, which are 
5 capable of self-expansion. The stent may be plastically deformed in the martensitic state 
for loading into a constraining delivery system. 

These and other embodiments which characterize the invention are 
pointed out with particularity in the claims annexed hereto and forming a part hereof. 
However, for a better understanding of the invention, its advantages and objectives 
10 obtained by its use, reference should be made to the drawings, which form a further part 
hereof, and the accompanying descriptive matter, in which there are illustrated and 
described various embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of one embodiment of the invention. 

Figure 2 is an exploded view of one embodiment of the invention. 

Figure 3 is a side view of an embodiment of a blade. 

Figure 4 is another side view of an embodiment of a blade. 

Figure 5 is a view of the underside of an embodiment of a collar. 

Figure 6 shows an embodiment of a mount and a single blade. 

Figure 7 shows an embodiment of the device wherein the aperture is fully 



open, 
position, 
partially open, 
position. 



Figure 8 shows an embodiment of a moimt and a single blade in another 
Figure 9 shows an embodiment of the device wherein the aperture is 
Figure 10 shows an embodiment of a moxmt and a single blade in another 
Figure 1 1 shows an embodiment of the device wherein the aperture is 



30 closed. 



Figure 12 shows a blade contacting an article, such as a medical device. 
Figure 13 shows an embodiment of the invention having multiple 
crimping sections. 
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Figure 14 shows another embodiment of the invention having muhiple 
crimping sections. 

Figure 15 shows a stent, a portion of blade from a first crimping section 
and a portion of a blade from a second crimping section. 

5 

DETAILED DESCRIPTIONS OF THE PREFERRED EMBODIMENTS 

While this invention may be embodied in many different forms, there are 
described in detail herein by way of illustration, specific embodiments of the invention. 
This description is an exemplification of the principles of the invention and is not 
10 intended to limit the invention to the particular embodiments illustrated. 

The term crimping, as used herein, refers to a reduction in size or profile 
of the medical device. 

For the purposes of this disclosure, like reference numerals in the figures 
shall refer to like features unless otherwise indicated. 
15 Figures 1 and 2 show an embodiment of a device 10 which may be used 

to shape an article, such as a medical device. The device 10 may comprise a stationary 
mount 34, a rotatable guide member or collar 28 and a plurality of blades 20. The blades 
20 may be arranged to form an aperture 38 whose size may be varied. The rotatable 
collar 28 may be rotatable with respect to the stationary mount 34. The size of the 
20 aperture 38 may be adjusted by rotating the rotatable collar 28 with respect to the 
stationary mount 34. 

Figures 3 and 4 show details of one embodiment of a blade 20, A blade 
20 may have a first side 44, a second side 46 and a contacting surface 48. The 
contacting surface 48 may bound a portion of an aperture formed by a plurality of blades 
25 20. In some embodiments, the face of a contacting surface 48 may be orthogonal to the 
first side 44 and/or the second side 46. A contacting surface 48 may have curvature 
along the length of the blade 20. 

When the device 10 is assembled, each blade 20 may be arranged to pivot 
about a pivot point or pivot axis 50. A first pin or pivot pin 24 may extend fi-om the first 
30 side 44 of the blade 20. Desirably, the pivot pin 24 is centered on the pivot axis 50. 

Each blade 20 may fiirther include a second pin or sliding pin 22 which 
may extend fi"om the second side 46 of the blade 20. A sliding pin 22 may comprise a 
portion of one embodiment of a mechanism allowing sliding engagement between a 
blade 20 and the rotatable collar 28. 
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Figure 5 shows the underside of one embodiment of a rotatable collar 28, 
which may have a generally annular shape centered about a collar axis 52. The rotatable 
collar 28 may have an outer wall 16 and may include a plurality of slots 30. Ih some 
embodiments, one slot 30 is provided for each blade 20 of the device 10. Each slot may 
5 have a first end 54 and a second end 56. The slots 30 may be radially oriented and may 
be sized to receive a sliding pin 22 of a blade 20. In some embodiments, a rotatable 
collar 28 may include an actuation handle or lever 32 for effecting rotation of the collar 
28 with respect to the mount 34. 

Referring again to Figures 1 and 2, the blades 20 may be arranged to form 

10 an aperture 38. The blades 20 may be arranged about a reference or zero point 40. The 
contacting surfaces 48 of the blades 20 may bound the aperture 38. The center of the 
aperture 38 may comprise the zero point 40. A portion of each blade 20 may meet at the 
zero point 40 when the aperture 38 is fully closed. A central longitudinal axis 42 of the 
aperture 38 may pass through the zero point 40. 

15 Various embodiments of the device 10 may include two or more blades 

20 arranged to form an aperture 38. Desirably, the number of blades may be between 
about 2 and 32, more desirably between about 4 and 16, and most desirably between 
about 6 and 10. 

At least two of the blades 20 may be arranged to overlap one another in a 
20 direction parallel to the central longitudinal axis 42 of the aperture 38. 

In some embodiments, the blades 20 may be arranged to form an iris 
diaphragm. The blades 20 may be arranged to "continuously overlap" as the blades 20 
are traversed in a given direction about the zero point 40, such as in a clockwise or 
counterclockwise direction. For example, a portion of each blade 20 may be arranged to 
25 overlay a portion of the next blade as the blades 20 are traversed in a predetermined 
direction about the zero point 40. Referring to Figure 2, a first blade 20a may be 
positioned to overlay a portion of a second blade 20b such that the first side or underside 
44 of the first blade 20a contacts the second side or topside 46 of the second blade 20b. 
The second blade 20b may be arranged to overlay a portion of a third blade 20c such that 
30 the underside 44 of the second blade 20b contacts the topside 46 of the third blade 20c. 
The pattem may continue imtil the last blade 201 of the device is reached, wherein the 
last blade 201 may be arranged to overlay a portion of the first blade 20a such that the 
underside 44 of the last blade 201 contacts the topside 46 of the first blade 20a. Thus, 
the blades 20a - 201 may continuously overlap one another as the blades 20 are traversed 
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about the zero point 40 in a counterclockwise direction. In other words, each blade, for 
example blade 20a, may overlap a portion of a first adjacent blade 20b and may be 
overlapped by a portion of a second adjacent blade 201. The overlap may be in a 
direction parallel to the central longitudinal axis 42 of the aperture 38. In some 
5 embodiments, non-contacting surfaces of adjacent blades 20, or surfaces other than 
contacting surfaces 48 of adjacent blades, may contact and overlap one another in a 
parallel to the central longitudinal axis 42 of the apertxire 38. In some embodiments, a 
line parallel to the central longitudinal axis 42 of the aperture 38 may intersect at least 
two blades. In some embodiments, a line parallel to the central longitudinal axis 42 of 

10 the aperture 38 may intersect three blades, four blades, or five or more blades. 

The stationary moimt 34 may have a generally annular shape and a 
central axis 60, although any desired shape may be used. The stationary mount 34 may 
have a mount portion 58 and a wall portion 18. The wall portion 18 may have an 
annular shape and may extend fi-om the mount portion 58 in a direction parallel to the 

15 axis 42 of the aperture 38. 

Each blade 20 may be pivotally connected to the stationary mount 34. 
The moimt portion 58 may include a plurality of pivot apertures 36. In some 
embodiments, one pivot aperture 36 may be provided for each blade 20. Each pivot 
aperture 36 may receive the pivot pin 24 of a blade. The center of a pivot aperture 36 

20 may lie along the blade pivot axis 50 (see Figures 3 and 4) of the blade 20 to which the 
pivot aperture 36 is engaged. 

Each blade may be 20 may be slidably engaged with the rotatable collar 
28. For example, each blade 20 may include a sliding pin 22 which may be received by 
a slot 30 in the rotatable collar 28. 

25 When the device 10 is assembled, the blades 20 may be received by the 

stationary mount 34, and the rotatable collar 28 may be positioned to overlay the blades 
20 and be received by the stationary mount 34. The outer wall 16 of the rotatable collar 
28 may be adjacent to and may abut an inner surface of the wall portion 18 of the 
stationary mount 34. The rotatable collar 28 may be rotatable with respect to the 

30 stationary mount 34, which may adjust the size of an aperture 38 formed by the blades 
20. 

The rotatable collar axis 52, stationary mount axis 60 and the central 
longitudinal axis 42 of the aperture 38 may all comprise a common line. 
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Figures 6-11 show the positioning of the blades 20 of an embodiment of 
the device 10 at various rotational orientations between the stationary mount 34 and the 
rotatable collar 28. The Figures illustrate how rotation of the rotatable collar 28 with 
respect to the stationary mount 34 may adjust the size of the aperture 38 formed by the 
5 blades 20. 

Figure 6 shows a stationary mount 34 and a blade 20 in a first position 
which may comprise a first end of a travel path that the blade 20 may traverse. The 
blade 20 may be pivotally attached to the moimt 34, and may be arranged to pivot about 
the blade pivot axis 50. 

10 Figure 7 shows an embodiment of the device 10 wherein a plurality of 

blades 20 are arranged to form an aperture 38, each blade being in a first position as 
depicted in Figure 6 with respect to one blade. The aperture 38 may be fixUy open and 
may be at a maximum size. The blades 20 may be arranged in a continuously 
overlapping relationship as previously described herein. 

15 A rotatable collar 28 is shown in phantom lines at a first rotational 

orientation with respect to the stationary moimt 34. The sliding pin 22 of each blade 20 
may be received within a respective slot 30 of the rotatable collar 28. Each sliding pin 
22 may be slidably engaged with a respective slot 30. Each sliding pin 22 may be at a 
first end of a travel path that the sliding pin 22 may traverse as the rotatable collar 28 is 

20 rotated with respect to the stationary mount 34. At the rotational orientation depicted in 
Figure 7, each sliding pin 22 may be in relative proximity to the first end 54 of its 
respective slot 30. 

Figure 8 shows a stationary mount 34 and a blade 20 in another position 
displaced fi-om the first position shown in Figure 6. A blade 20 in the first position is 

25 shown in hidden lines. The blade 20 may have traversed a portion of its travel path 62, 
and may have pivoted about the blade pivot axis 50. As depicted, the travel path 62 
comprises an arc about the pivot axis 50 of the blade 20. The center of the sliding pin 22 
may traverse the travel path 62. 

Figure 9 shows an embodiment of the device 10 wherein a plurality of 

30 blades 20 are arranged to form an aperture 38, each blade being in a position midway 
along its travel path 62, as depicted in Figure 8 with respect to one blade. The aperture 
38 may be partially open and may have an intermediate size. A rotatable collar 28 is 
shown in phantom lines. The rotational orientation of the rotatable collar 28 with 
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respect to the stationary mount 34 may be different from the rotational orientation 
depicted in Figure 7, as indicated by the location of the actuation lever 32. 

As the rotatable collar 28 rotates with respect to the mount 34, each slot 
30 may displace and may bear against the sliding pin 22 of a respective blade 20, 
5 causing the blade 20 to pivot about its pivot axis 50. As the slot 30 displaces and the 
blade 20 pivots, the sliding pin 22 of the blade 20 may traverse a portion of the slot 30 in 
the lengthwise direction of the slot 30. The lengthwise direction of the slot 30 may be in 
a radial direction with respect to the aperture axis 42 (see Figure 2). 

As the rotational orientation of the rotatable collar 28 with respect to the 

10 stationary mount 34 changes and the size of the aperture 38 is changed from fixlly open 
to fiilly closed, or vice versa, each blade 20 may traverse an entire travel path 62 as 
shown in Figure 8. As the blade 20 traverses the entire travel path 62, the sliding pin 22 
of the blade may traverse a portion of a slot 30 along the length of the slot 30. As the 
blade 20 moves from a first end 62 of the travel path 62 to a midpoint 66 of the travel 

1 5 path 62, the sliding pin 22 may traverse the slot 30 in a first direction. As the blade 
moves from the midpoint 66 of the travel path 62 to a second end 68 of the travel path 
62, the sliding pin 22 may reverse the direction of its sliding engagement with the slot 30 
and may traverse the slot 30 in a second direction which may be opposite the first 
direction. For example, during the first half of movement of the blade 20 along its travel 

20 path 62, the sliding pin 22 may traverse the slot 30 in a radially inward direction. 

During the second half of movement of the blade 20 along its travel path 62, the sliding 
pin 22 may traverse the slot 30 in a radially outward direction. Thus, when the blade 20 
is oriented at the midpoint of its travel path 62, the sliding pin 22 may be positioned at 
one end its traversal of the slot 30 and may be in relative proximity to the second end 56 

25 of the slot 30 (see Figure 9). 

Figure 10 shows a stationary mount 34 and a blade 20 in another position 
which may be at the second end 68 of the travel path 62. A blade 20 in the first position 
is also shown in hidden lines. The blade 20 may have traversed the entire travel path 62, 
pivoting about the blade pivot axis 50. 

30 Figure 1 1 shows an embodiment of the device 10 wherein a plurality of 

blades 20 are arranged to form an aperture 38, each blade being positioned at a second 
end 68 of its travel path 62, as depicted in Figure 10 with respect to one blade. The 
aperture 38 may be substantially closed or fiiUy closed. A rotatable collar 28 is shown in 
phantom lines. The rotational orientation of the rotatable collar 28 with respect to the 
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stationary mount 34 may be different from the rotational orientation depicted in Figures 
7 and 9, as indicated by the location of the actuation lever 32. 

The size of an aperture 38 may be continuously adjustable from fiiUy 
open to frilly closed by adjusting the rotational orientation of the rotatable collar 28 with 
5 respect to the moxmt 34. 

Referring again to Figures 3 and 4, each blade 20 may have a thickness t 
in a direction parallel to the aperture axis 42 (Figure 2) of the aperture 38 formed by a 
plurality of blades 20. The thickness t of the blades 20 may detemiine the length of the 
aperture 38. Generally, the length of the aperture 38 may be greater than the thickness / 

10 of individual blades 20 because of the continuously overlapping relationship of the 
blades 20 when arranged to form an aperture 38. 

In some embodiments, the thickness / of each blade 20 may be the same 
as the thickness t of all of the other blades 20 of the device 10. Blades 20 may have any 
desired thickness t. In some embodiments, the thickness / of a blade may be relatively 

15 thin and may range from 0.005 inches to 0.001 inches or less, or from about 0.13 mm to 
about 0.025 mm or less. It is also within the scope of the invention to use thicker blades. 
In some embodiments, the thickness / of a blade may be 0.002 inches, or about 0.05 mm. 

Figure 12 shows a portion of the contacting surface 48 of a blade 20 
contacting a portion of an article 70. The area of contact may comprise a contact area or 

20 contact patch 72. A relatively thin blade 20 may provide a relatively thin contact patch 
72 where the contacting surface 48 of the blade 20 contacts and applies a load to the 
article. Thin blades 20 may be desirable when crimping certain articles, such as drug- 
coated stents, as a thin contact area may achieve a desired crimp with less marring of the 
coating than can be achieved using conventional crimpers having thicker blades. 

25 Referring again to Figure 3, each blade 20 may have a width 

measurement w which may be measured in a direction perpendicular to a portion of a 
contacting surface 48. As depicted in Figure 3, a contacting surface 48 may have 
curvature along its length. A blade 20 having a curved contacting sxu"face 48 may be 
dimensioned such that the width measurement w across the blade in a direction 

30 perpendicular to any portion of the contacting surface 48 may be constant. Blades 20 
may have any suitable width w. In some embodiments, the width w may range from 
0.15 inches to 0.05 inches, or about 3.8 mm to about 1.3 mm. In some embodiments, the 
width of a blade may be 0.12 inches, or about 3 mm. 
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A blade 20 having a contacting surface 48 with curvature may provide for 
a longer contact patch 72 (see Figure 12) than v^ould be provided by a contacting surface 
48 without curvature when using the device to crimp an article 70 having curvature. The 
increased length of the contact patch 72 may provide the patch 72 with a greater total 
5 amount of area, which may reduce the amount of stress placed on the portion of the 
article 70 within the area of the contact patch 72. 

The blades 20 according to the invention may be formed from any 
suitable materials, such as polymeric materials, ceramic and metals. Commonly 
employed materials include, but are not limited to, stainless steel, tempered blue steel, 

10 blackened corrosion resistant spring steel, and so forth. 

The blades may optionally comprise a coating such as those applied to 
reduce the coefficient of friction between adjacent blade surfaces, and between any other 
surfaces the blades 20 may contact, such as an article 70. Examples of such materials 
include fluoropolymers. A specific example is polytetrafluoroethylene. 

15 Various embodiments of the device 10 may be provided with various 

drive devices to accomplish rotation of a rotatable collar 28 with respect to the moxmt 
34. Figures 1 and 2 show the rotatable collar 28 including an actuation lever 32 which 
may be used to manually rotate the collar 28. Rotation of the collar 28 may also be 
accomplished using any means known in the art including manual or automatic 

20 actuation. Actuation or drive devices may include, for example, motors and gear 
systems including stepping motors and spline gears, ball gears and/or lead screws; 
fiictional methods such as rubber strips or belts; magnets with linear induction motors 
which incorporate bearings for smooth rotation; pneumatic screws; air cylinders; 
hydraulic cylinders; solenoids or any combination thereof. A drive device may fiirther 

25 include linear motors available from Anorad Navigation, such as the LE Vacuum 

Compatible Linear Motor and PCLM Piezo Motor models; linear motor tables available 
from Parker Automation, such as the LXR series tables; and walking motor technology, 
such as PiezoLEGS motors available from PiezoMotor Uppsala AB, Sylveniusgatan 5D 
SE-754 50 Uppsala, Sweden. PiezoLEGS motors are available is sizes as small as 1 mm 

30 in width. Automatic drive devices may be computer controlled. Various embodiments 
of a drive device may be in communication with an actuation lever 32 or any other part 
of the collar 28. In some embodiments, a drive device may be in communication with a 
mount 34, and may rotate the moimt 34 with respect to the collar 28 as the collar 28 may 
be fixed in position. 
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Figure 13 shows another embodiment of an inventive crimping device 10 
which may include muhiple crimping sections 26a - 26h. Each crimping section 26 may 
include a mount, a collar and a plurality of blades 20 arranged to form an aperture 38 as 
previously described herein. The size of the aperture 38 may be adjusted by rotating the 
5 collar with respect to the moxmt. The aperture 38 of each crimping section 26 may be 
adjusted independently from all other crimping sections 26. The multiple crimping 
sections 26 may be arranged such that the center or zero point of each aperture 38 lies 
along a common axis, which may be the central longitudinal axis of the device 10. 

Each crimping section 26 may include an independent drive device 74 

10 arrginged to adjust the size of the aperture 38. A drive device 74 may be in 

communication with the collar of a crimping section 26 and may rotate the collar with 
respect to the mount of the crimping section 26. 

Embodiments of the device 10 having multiple crimping sections 26 may 
be used to crimp or otherwise load or bias a medical device. Each cnmping section 26 

1 5 may load a portion of a medical device. A stepped reduction in size may be achieved by 
placing a stent or similar medical device in a device 10 having multiple crimping 
sections 26 sequentially arranged, and independently reducing each aperture 38 to a 
desired size. For example, a medical device may be crimped to a tapered shape, or to 
have tapered end portions. Further, bifurcated stents or other medical devices having 

20 multiple sections of varying diameter may be crimped using embodiments of the 
inventive device 10 having multiple crimping sections 26. 

Figure 14 shows another embodiment of an inventive crimping device 10 
which may have multiple crimping sections 26. Each crimping section 26 may include a 
collar 28 and a plurality of blades 20 arranged to form an aperture 38 as previously 

25 described herein. A single moxmt 34 may be used. Desirably, for each crimping section 
26, the single moimt 34 may include a portion arranged to receive a plurality of blades 
20. The mount 34 may further be arranged to receive a collar 28 for each crimping 
section 26. The size of the aperture 38 of a crimping section 26 may be adjusted by 
rotating the collar 28 of the crimping section 26 with respect to the mount 34. Each 

30 crimping section 26 may be independently adjustable. 

As shown in Figvtre 14, a collar 28 may include an actuation handle 32 
which may be arranged to abut a portion of the mount 34 at first and second ends of 
rotational travel. For example, the actuation handle 32 may abut a first surface of the 
mount 34 when the aperture 38 is fully open, and may abut a second surface of the 
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mount 34 when the aperture 38 is closed. Where multiple crimping sections are 
employed, the individual sections may also be operated simultaneously. The individual 
sections may be operated independently from one another, or the operation may be 
coupled. 

5 Figure 15 shows a portion of a stent 80, a first blade 20a and a second 

blade 20a\ The first blade 20a may be a blade 20 from a first crimping section forming 
a first aperture. The second blade 20a* may be a blade from a second crimping section 
forming a second aperture. 

A stent 80 may comprise a framework having a plurality of cells. The 

10 framework of a stent 80 may include a plurality of serpentine bands 82. Each serpentine 
band 82 may include a plurality of struts 84. A strut 84 may be positioned adjacent to 
other struts 84 about the circumference of a serpentine band 82. Adjacent struts may be 
connected by a turn 86. Serpentine bands 82 may be positioned adjacent to one another 
along the longitudinal axis of the stent 80. Adjacent serpentine bands 82 may be 

15 connected by interconnecting elements 88. Each serpentine band 82 may have a length 
component, which may be measured in a direction parallel to the longitudinal axis of the 
stent 80. In some embodiments, a strut 84 may be parallel to the longitudinal axis of the 
stent 80 in an unexpanded state. 

When a stent 80 is crimped using an inventive crimping device 10 having 

20 multiple crimping sections, at least two crimping sections may be arranged to apply a 

load to a serpentine band 82, The crimping device 10 may include at least two apertures 
within the length component of a serpentine band 82. The crimping device 10 may 
include at least two apertures along the length of a strut 84. 

An inventive crimping device may be used to crimp a medical device 

25 directly about a catheter tube or to a catheter balloon which may be disposed about a 
catheter tube. When reference is made to crimping a medical device about a catheter, a 
balloon may be situated between the medical device and the catheter tube or the medical 
device may be crimped to a region of a catheter tube directly. The invention also 
contemplates crimping a stent in the absence of a catheter to reduce the stent in size. 

30 The above disclosure is intended to be illustrative and not exhaustive. 

This description will suggest many variations and alternatives to one of ordinary skill in 
this field of art. All these alternatives and variations are intended to be included within 
the scope of the claims where the term "comprising" means "including, but not limited 
to". Those familiar with the art may recognize other equivalents to the specific 
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embodiments described herein which equivalents are also intended to be encompassed 
by the claims. 

Further, the particular features presented in the dependent claims can be 
combined with each other in other manners within the scope of the invention such that 
the invention should be recognized as also specifically directed to other embodiments 
having any other possible combination of the features of the dependent claims. For 
instance, for purposes of claim publication, any dependent claim which follows should 
be taken as alternatively written in a multiple dependent form from all prior claims 
which possess all antecedents referenced in such dependent claim if such multiple 
dependent format is an accepted format within the jurisdiction (e.g. each claim 
depending directly from claim 1 should be alternatively taken as depending from all 
previous claims). In jurisdictions where multiple dependent claim formats are restricted, 
the following dependent claims should each be also taken as alternatively written in each 
singly dependent claim format which creates a dependency from a prior antecedent- 
possessing claim other than the specific claim listed in such dependent claim below. 

This completes the description of the embodiments of the invention. 
Those skilled in the art may recognize other equivalents to the specific embodiment 
described herein which equivalents are intended to be encompassed by the claims 
attached hereto. 
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